Abstract The Isabela ophiolite, the Philippines, is characterized by a lherzolite-dominant mantle section, which was probably formed beneath a slow-spreading mid-ocean ridge. Several podiform chromitites occur in the mantle section and grade into harzburgite to lherzolite. The chromitites show massive, nodular, layered and disseminated textures. Clinopyroxene ( ± orthopyroxene/amphibole) inclusions within chromian spinel (chromite hereafter) are commonly found in the massive-type chromitites. Large chromitites are found in relatively depleted harzburgite hosts having high-Cr# (Cr/(Cr + Al) atomic ratio = ∼ 0.5) chromite. Light rare earth element (LREE) contents of clinopyroxenes in harzburgites near the chromitites are higher than those in lherzolite with low-Cr# chromite, whereas heavy REE (HREE) contents of clinopyroxenes are lower in harzburgite than in lherzolite. The harzburgite near the chromitites is not a residual peridotite after simple melt extraction from lherzolite but is formed by open-system melting (partial melting associated with influx of primitive basaltic melt of deeper origin). Clinopyroxene inclusions within chromite in chromitites exhibit convex-shaped REE patterns with low HREE and high LREE ( + Sr) abundances compared to the host peridotites. The chromitites were formed from a hybridized melt enriched with Cr, Si and incompatible elements (Na, LREE, Sr and H 2 O). The melt was produced by mixing of secondary melts after meltrock interaction and the primitive basaltic melts in large melt conduits, probably coupled with a zone-refining effect. The Cr# of chromites in the chromitites ranges from 0.65 to 0.75 and is similar to those of arc-related magmas. The upper mantle section of the Isabela ophiolite was initially formed beneath a slow-spreading mid-ocean ridge, later introduced by arc-related magmatisms in response to a switch in tectonic setting during its obduction at a convergent margin.
INTRODUCTION
Chromian spinel (chromite hereafter) is a ubiquitous accessory mineral in peridotites and is a primary chromium reservoir in the mantle. The chemical composition of chromite varies depending on the petrogenesis (crystallization from melt, residue after partial melting with variable degrees) and physical conditions (pressure, temperature, oxygen fugacity) of the host peridotites (e.g. Irvine 1965 Irvine , 1967 Ozawa 1983; Dick & Bullen 1984; Arai 1992 Arai , 1994a . There are two types of chromite deposits (chromitite) -namely, stratiform and podiform chromitites. The stratiform chromitite lies within stratified igneous complexes, such as Bushveld, Muskox and Stillwater (e.g. Jackson 1969; Irvine 1977; Roach et al . 1998) . In contrast, podiform chromitite typically occurs in ophiolites as lenticular-or pod-shaped bodies closely associated with dunite at the transition zone between layered gabbros and residual peridotites (e.g. Thayer 1964). The podiform chromitites sometimes cut the deformed and/or layered structure of the host peridotites (Cassard et al . 1981; Nicolas 1989) . Irvine (1975 Irvine ( , 1977 proposed that mixing of Sirich and primitive basaltic melts can crystallize chromite forming stratiform chromitites. This mechanism is generally attributed to the origin of the podiform chromitites (Arai & Yurimoto 1994; Zhou 1994) . When primitive melts generated at the deeper part of the mantle move upward, they react with peridotite wall-rock to produce SiO 2 -rich secondary melts by selective consumption of orthopyroxene, resulting in the formation of a dunite wall (Fisk 1986; Kelemen 1990) .
Podiform chromitite is not, however, equally distributed among the ophiolites. Boudier and Nicolas (1985) divided ophiolites into two subtypes in terms of the peridotite sections: the lherzolite ophiolite type (LOT) and the harzburgite ophiolite type (HOT). Chromitite is generally common in the HOT but is almost absent or found in small, if any, amounts in the LOT (Boudier & Nicolas 1985; Noller & Carter 1986; Leblanc & Temagoult 1989; Gervilla & Leblanc 1990; Nicolas & Al Azri 1991) . Although cross-cutting dunite as a result of a melt-rock interaction is a well-documented process in the LOT, it is not always associated with chromitites (Quick 1981; Nicolas & Al Azri 1991) . Arai and Abe (1995) and Arai (1997a,b) suggested that a moderately refractory harzburgite with chromite having an intermediate Cr# ( ∼ 0.5) is the most suitable host for large-scale podiform chromitites, because the lherzolite wall is too low in Cr# to concentrate chromite. Arai and Abe (1995) investigated the natural products of the melt-mantle interaction between alkaline basalt melt and orthopyroxene in peridotite xenoliths ranging from harzburgite to lherzolite in compositions (Kawashimo, Japan). They found that chromite is concentrated only in reaction zones with harzburgite orthopyroxene, whereas no concentration of chromite is found in lherzolite orthopyroxene.
As the Philippine Islands is surrounded by complex plate boundaries, numerous ophiolites and ophiolitic rocks crop out (e.g. Yumul et al . 1997) . The Isabela ophiolite is exposed along the eastern coast of the Luzon, and is among the least studied ophiolite in the Philippines. Recently Andal et al . (2005) reported the general characteristics of the mantle section of the Isabela ophiolite as a lherzolite-dominant ophiolite between LOT and HOT. Although the Isabela ophiolite is a lherzolitedominant ophiolite, several chromite mines have operated in the past. The present study presents the first general description and geochemical data on the chromitites and their host peridotites near the chromitites in the Isabela ophiolite. The origin of the Isabela chromitites is discussed in the context of the formation of chromitite in a lherzolitedominant ophiolite.
GEOLOGICAL BACKGROUND
The Isabela ophiolite crops out along the eastern coast of northern Luzon extending for 90 km and lies along the eastern margin of the Philippine Mobile Belt (Fig. 1) . The ophiolite shows a complete ophiolite sequence consisting of mantle peri- 
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Northen Sierra Madre Mountain Range dotites, gabbros, basalts and cherts. The intrusive dyke complex, which is typical for the HOT, is not common (Billedo et al . 1996; Andal et al . 2005) . These rocks are not sequentially distributed in the area (Fig. 1) . Peridotites are mainly lherzolite to clinopyroxene-rich harzburgite with a granular to porphyroclastic texture and minor amounts of harzburgite, dunite and pyroxenite (Andal et al . 2005) . Dunite occurs as thin layers or lenses ranging from a few centimeters to a few meters in thickness except for in the dunite envelopes around the chromitites as described below. They usually cut prominent mineral foliation of the host peridotites defined by pyroxene-rich and pyroxene-poor layers. Details of the peridotite structure are not clear yet, partly because of the extensive faulting and jointing along the entire length of the coastal exposure investigated in the present study. Chromite trails after pyroxenite are observed where a dunite layer cuts both peridotite and pyroxenites (Andal et al . 2005) . Chromitite is basically absent in thin dunite layers. A small chromitite pod (10-15 cm in size) was found in a relatively thick dunite lens ( ∼ 5 m wide) in the southern part (Andal et al . 2005) . All peridotites are cut by gabbroic and/or clinopyroxenite veins. Several chromite mines have operated in both the northern (two mines) and the southern parts (five mines) of the studied area and have been abandoned (Fig. 1) . Andal et al . (2005) revealed general characteristics of peridotites in the studied area. Chromites in the residual peridotites from the whole studied area show a wide range of compositions (Fig. 2) . Although samples from the southernmost part of the studied area (Dinapigui Point) contain chromites with very low Cr# ( = Cr/(Cr + Al) atomic ratio) (0.08-0.16), the majority of the samples have chromite with 0.17-0.43 Cr#, correlating negatively with Mg# (Mg/(Mg + Fe 2 + ) atomic ratio) (Fig. 2) . The forsterite (Fo) content of olivine coexisting with chromitite ranges from 88 to 92. Andal et al . (2005) also reported the constant decreasing of light rare earth element (LREE) from lherzolite to harzburgite far from the large chromitites (Fig. 3) . These mineral compositions in clinopyroxene-bearing harzburgite and lherzolite are compatible with a residual origin and generally fall into the field of abyssal peridotites, particularly in slow-spreading ridges (Dick & Bullen 1984; Dick 1989; Johnson & Dick 1992; Arai 1994a,b) (Figs 3,4) . The lherzolite-dominant mantle section, petrological discontinuities among the lithologies and the lack of a typical intrusive dyke complex Dick (1989) and Johnson and Dick (1992) . Data for dunite ( + ) with dunitic lherzolite ( ᮀ ) at the edge of the dunite-bearing sample and clinopyroxene-bearing harzburgite ( ᭛ ) were collected from the eastern rift valley wall of the Atlantis II Fracture Zone during the ABCDE cruise using SHINKAI 6500 from the Japan Marine Science Technology Center (JAMSTEC) T. Morishita et al ., unpubl. data, 2005) . It should be emphasized that (a), (b) and (c) do not represent frequency of rock types, because the samples were collected from the outcrop to cover a wide range of rock types during field work. (a) (b)
in the studied area support a slow-spreading ridge origin for the Isabela ophiolite (Andal et al . 2005) . Based on the geochemical characteristics of peridotites, coupled with lithological variations, such as northward increasing of the degree of partial melting and increasing of dunite and gabbro veins, Andal et al . (2005) suggested that the northern part of the ophiolite represents the upper sections of the mantle column. Thus, the Isabela ophiolite may present a good analogy of the melting column beneath slow-spreading mid-ocean ridges (Andal et al . 2005) .
SAMPLE DESCRIPTIONS
In the southern part, the main part of the chromitite bodies was almost mined out and the degree of serpentinization is relatively high in the peridotites around the chromitites. A few small chromitite blocks are still left along the wall rocks (dunite) in the southern chromitites. The northern chromite mines (Bicobian, Fig. 1 ) were not accessible in the present study. Instead, several samples, including both chromitites and peridotites, which may be from around the chromitites, were collected at the stockpile of these chromite mines at Port Bicobian (Fig. 1) . Irrespective of limited outcrops and samples, all chromitites observed in the present study are always enclosed with dunite and can be estimated as having a pod-like shape not extending more than 300 m (chromitite + dunite envelope) in width. They are therefore typical podiform chromitites (e.g. Thayer 1964). Massive, disseminated, nodular and layered chromitites are found in both the northern and the southern chromitites (Fig. 4) . Weak flattening of the chromite nodules in nodular-type chromitite is found, and is nearly parallel to the lithological boundary between the dunitic layer and chromiterich layer (Fig. 4b) . The interstitial silicate matrix of the chromitites is olivine, now completely serpentinized. It is noteworthy that harzburgites are always associated with the dunite envelope of the chromitites, although lherzolite is also found outward, meaning that the podiform chromitites have dunite envelopes grading outward into harzburgite to lherzolite.
Silicate mineral inclusions within chromites are commonly found in the chromitites. Lowtemperature hydrous minerals (serpentine and chlorite) are formed where the inclusions are open to the surrounding minerals. Some of the primary silicate inclusions within the chromite still remain from alteration, and are olivine, clinopyroxene and amphibole/orthopyroxene in decreasing order of abundance (Table 1) . Amphibole and orthopyroxene are rare. Phlogopite, which is commonly found as inclusions of chromites in many chromitites (e.g. Talkington et al . 1986; Augé 1987; Lorand & Ceuleneer 1989; McElduff & Stumpfl 1991; Schiano et al . 1997; Arai & Matsukage 1998) , has not been found so far. Differences in resistance to lowtemperature hydrous alteration during serpentinization between olivine and pyroxenes result in the abundance of pyroxene inclusions in massive-type chromitites ( ± nodular type) ( Table 1) . It is important to note that clinopyroxene, orthopyroxene and amphibole are not found as interstitial silicate minerals of the chromitites, although a dunite envelope of the chromitites sometimes contains minor clinopyroxene as anhedral grains between olivine grains.
MINERAL CHEMISTRY

ANALYTICAL METHODS
The major element compositions of minerals were analyzed with a JEOL JXA-8800 Superprobe at the Center for Cooperative Research of Kanazawa University. The analyses were performed with an accelerating voltage of 15-20 kV and a beam current of 15-20 nA using a 3-µ m-diameter beam. JEOL software using ZAF corrections was used. Trace element compositions (Li, Sc, Ti, V, Cr, Rb, Sr, Y, Zr, Nb, Ba, REE, Hf and Pb) of clinopyroxenes (inclusions of chromites [ > 50 µ m in size] in chromitites and porphyroclast in peridotites) were analyzed by laser ablation (193 nm ArF excimer: MicroLas GeoLas Q-plus) inductively coupled plasma mass spectrometry (Agilent 7500S) (LA-ICP-MS) at the Incubation Business Laboratory Center of Kanazawa University (Ishida et al . 2004) . Each analysis was performed by ablating 30-µ m and 50-µ m-diameter spots for inclusions and porphyroclasts, respectively, at 5 Hz. NIST SRM 612 glass was used as the primary calibration standard and was analyzed at the beginning of each batch of < 6 unknowns, with a linear drift The numbers of the primary inclusions (olivine, clinopyroxene, orthopyroxene and amphibole) within chromitites in one thin section were counted for each sample except for 5-6 of the southern chromitites. The sample 5-6 has abundant inclusions within chromite. The numbers of inclusions were counted from less than half of the whole area of the thin section. It is noted that the data therefore do not represent the real frequency of primary inclusions. Some samples have no pyroxene inclusions although they have olivine inclusions, which are easily altered to serpentine and/or chlorite after reactions with water at low-temperature conditions. † Too small to identify the phase, which is high in Na and K.
amph, amphibole; cpx, clinopyroxene; ol, olivine; opx, orthopyroxene.
correction applied between each calibration. The element concentration of NIST SRM 612 for the calibration was selected from the preferred values of Pearce et al . (1997) . Data reduction was facilitated using 43 Ca as an internal standard element, based on CaO contents obtained by EPMA analysis, and followed a protocol essentially identical to that outlined by Longerich et al . (1996) . Details of the analytical method and data quality for the LA-ICP-MS system at Kanazawa University are described in Morishita et al . (2005a,b) . The representative analyses of both major and trace element compositions of minerals are shown in Tables 2  and 3 , respectively.
MAJOR ELEMENT COMPOSITION OF MINERALS
Chromites
The Cr# of chromites from four chromite mines in the southern part and chromitite samples collected at a stockpile in the northern part shows only small variations, ranging from 0.65 to 0.75. Their Mg# decreases with increasing of mode of silicate minerals in the rock, probably as a result of subsolidus equilibrium at low-temperature conditions (e.g. Irvine 1965; Ozawa 1983). Samples collected from the northern part and the largest chromite mine ( + surrounding host peridotites) in the southern part were examined in detail in the present study (Fig. 1) . The chromite compositions in chromitites are slightly different, reflecting the differences in the textures: the massive ( + layered) chromitites are more Cr-rich than the nodular and disseminated chromitites (Fig. 3) . The Cr# of chromite in harzburgites and lherzolites near the chromitites shows a wide range of composition: 0.22 and 0.43 for the northern samples, and 0.12 and 0.54 for the southern samples. It is noted that the Cr# of chromite in the harzburgite near the chromitites fall into the high end or higher than whole range of those in harzburgite-lherzolite far from the chromitites (Fig. 2) . Dunites with chromitites have chromite with relatively high Cr# and low Mg# (0.49 and 0.59 in the south, and 0.67 and 0.50 in the north). Some of these are similar to the lower range of those in the chromitite field (Fig. 2) . The TiO 2 content of chromites increases from lherzolite ( < 0.09 wt%) to harzburgite (0.13-0.25 wt%) to dunite ( < 0.09-0.31 wt%) to chromitites (0.22-0.31 wt%) (Fig. 5) . The 100Fe 3 + # (100 × Fe 3 + / (Cr + Al + Fe 3 + ) atomic ratio) of chromites tends to be higher in the dunite than others but is usually < 0.1 (Table 2) .
Silicate minerals in the host peridotites of the chromitites
The Fo and NiO contents of olivines are 90.5 and 0.4 wt% in lherzolite, 90.8 and 0.4 wt% in clinopyroxene-bearing harzburgite, and 90.9 and 0.4 wt% in dunite envelopes, respectively, for the southern chromitite ( Table 2 ). The Al 2 O 3 and Cr 2 O 3 contents of the clinopyroxene core are 4.8 and 1.0 wt% in lherzolite (Cr# = 0.13), 2.9 wt% and 1.1 wt% in harzburgite (Cr# = 0.21), and 1.9-2.4 and 0.7-1.0 wt% (Cr# = 0.44-0.45) in dunite, respectively. The Al 2 O 3 and Cr 2 O 3 contents of the orthopyroxene core are 4.4 and 0.7 wt% in lherzolites (Cr# = 0.09), and 2.5 wt% and 0.7 wt% in harzburgites (Cr# = 0.15), respectively.
Silicate mineral inclusions within chromites in the chromitites
The Fo and NiO contents of olivine inclusions are 95-98 and 0.5-1.1 wt%, respectively (Table 2) . These high Fo and NiO contents for olivine inclusions may result from subsolidus equilibration with the host chromites at lower-temperature conditions than their formations. Clinopyroxene inclusions have Mg# = 0.95-0.97, Al 2 O 3 = 0.7-1.4 wt%, Cr 2 O 3 = 1.0-1.8 wt%, TiO 2 ≤ 0.09-0.14 wt% and Na 2 O = 0.3-0.4 wt%. Orthopyroxene inclusions have Mg# = 0.95, Al 2 O 3 = 0.6-0.8 wt%, Cr 2 O 3 = 0.7 wt% and TiO 2 ≤ 0.09 wt%. Amphibole inclusions within chromite in lherzolite are edenitic hornblende to pargasite in composition by the nomenclature of Leake et al. (1997) . Their TiO 2 content (<1 wt%) is lower than those of independent pargasite grains in fertile lherzolites at Dinapigui Point (1.5-3.7 wt%, Andal et al. 2005). ).
Table 3
Trace-element compositions of clinopyroxenes in the southern area Table 2 .
Anal#, analytical point name; (Ce/Yb)n, chondrite-normalized Ce/Yb ratio.
TRACE ELEMENT COMPOSITIONS OF CLINOPYROXENE
Chondrite-normalized REE patterns (CHnormalized REE patterns hereafter) of all clinopyroxenes generally show depletion of the LREE (Fig. 3) . Lherzolite near the chromitites contains a clinopyroxene with a strongly LREE depleted abundance ((Ce/Yb)n = 0.014-0.018). It is interesting to note that the LREE and Sr contents of clinopyroxenes in dunite and chromitite are apparently higher than those of the host peridotites near the chromitites (Table 3 ). In particular, clinopyroxene inclusions within chromite are apparently higher in LREE (+Sr) contents than others and are depleted in heavy rare earth elements (HREE) ((Ce/Yb)n = 0.39-0.42), resulting in a convex CH-normalized REE pattern (Fig. 3) . LREE contents in harzburgite near the chromitites also tend to be higher than those in lherzolite, whereas HREE are low ((Ce/Yb)n = 0.034-0.042 for harzburgites). High field strength element (Nb, Zr, Hf) and V contents in the clinopyroxene inclusion may be affected by the presence of chromite because these elements are relatively partitioned into the chromite compared with other elements (e.g. REE, which have very low content; Eggins et al. 1998) . The Rb, Ba and Pb contents are usually lower than the detection limits of the analyses (<0.5-0.1 p.p.m., <0.01-0.02 p.p.m. and <0.05-0.10 p.p.m., respectively). The variations of these elements in clinopyroxenes are not discussed here because of the difficulties and uncertainties in both the analysis and distribution of the elements.
DISCUSSION
ORIGIN OF CHROMITITE IN THE LHERZOLITE-DOMINANT MANTLE SECTION
The presence of massive-type chromitites suggests that only chromite was crystallized for a period of time and/or was concentrated by flow differentiation during the crystallization of chromite grains and/or deformation-induced selective accumulation after crystallization of the chromite grains in the formation of the chromitites. Pyroxene inclusions within the chromites are more abundant in the massive-type and nodulartype chromitites than in other types. It is inconceivable that chromite with pyroxene inclusions was selectively concentrated for the formation of the massive-type and nodular-type chromitites by these physical mechanisms only. Hence, chromites in the massive-type chromitites might have been Morishita et al. 2004) .
The local concentration of chromite with pyroxene inclusions has therefore been explained by crystallization from a hybridized melt because the hybridized melt moves into the chromite stability field as already proposed for the formation of podiform chromitites in other ophiolites and ocean floors by Yurimoto (1994), Zhou (1994) and Arai and Matsukage (1998) . The hybridized melt was formed by the mixing of primitive basaltic melts with Si-rich secondary melts as a result of the reaction between the primitive basaltic melts and wall peridotites. The dunite envelope of the chromitite would be of replacive origin, which is similar to discordant dunite commonly found in mantle peridotites (Quick 1981; Kelemen 1990) . Thin dunite layers without large chromitite frequently found in the Isabela ophiolite are also thought to be of replacive origin as a result of melt-rock interaction rather than cumulate and/or residue after a high degree of partial melting (Andal et al. 2005) . This is supported by chromite trails after pyroxenites, where dunites cross-cut the layering of peridotites and pyroxenites. The presence of the replacive dunites in the studied area indicates that melt-rock interactions occurred in the whole area, but did not always lead to the formation of chromitites. Arai and Abe (1995) and Arai (1997a,b) suggested that a moderately refractory harzburgite, which has chromite with an intermediate Cr# (∼0.5), is the most suitable host for large-scale podiform chromitites. This is consistent with the field observations, coupled with mineral compositions between the chromitites and their host peridotites in the present study. In the study area, large chromitites (+dunite envelope) only occur in relatively depleted harzburgite, although the Isabela ophiolite is a lherzolite-dominant ophiolite. The Cr# of chromites in the harzburgite near the chromitites falls into high end to higher than those of the whole range from clinopyroxene-bearing harzburgite to lherzolite far from the chromitites in the Isabela ophiolite (Fig. 2) . Such lithological gradation from chromitite to dunite to harzburgite to clinopyroxene-rich harzburgite (almost lherzolite in terms of the Cr# of chromite, ∼0.2) was also reported in the Luobusa ophiolites, China (Zhou et al. 1996) .
The next question is the genetic relationship between the chromitites and the surrounding depleted harzburgites. There are two plausible relationships between them: (i) the depleted harzburgites had previously formed in the mantle section before the chromitites were formed; or (ii) the depleted harzburgites were formed by the same magmatic activity responsible for the formation of the chromitites.
In terms of the relationships between the Fo content of olivine and the Cr# of chromite, the harzburgites and lherzolites near the chromitites are typical residual peridotites after a variable degree of partial melting (Arai 1994a,b) . Conversely, the LREE abundance of clinopyroxene in the harzburgites near the chromitites is higher than that in the surrounding lherzolites, although the LREE abundance in clinopyroxenes constantly decreases from lherzolite to harzburgite far from large chromitites (Andal et al. 2005 ; Fig. 3) . Furthermore, the TiO 2 content of chromite slightly increases from lherzolite to harzburgite near the chromitites (Fig. 5) . These geochemical characteristics indicate that the harzburgites near the chromitites are not a simple residual peridotite after partial melting from the surrounding lherzolites, whereas harzburgites far from the chromitites show geochemical characteristics of simple residue from surrounding lherzolites (Fig. 3 ). An inverse correlation between the refractoriness of residual peridotites represented by the major element compositions of minerals and LREE abundance (or LREE/ HREE ratios) is commonly found in peridotite xenoliths (e.g. Frey & Green 1974) and orogenic peridotites (e.g. Frey et al. 1991; Takazawa et al. 1992; Ozawa & Shimizu 1995) . The inverse correlation can be caused by open-system meltingthat is, melting associated with an influx of LREE-enriched fluids/melts (Ozawa & Shimizu 1995) .
It should be emphasized that a small chromitite pod was found only in a relatively thick dunite layer, although there are many thin dunite layers without chromitites in the same area. This means that the formation of chromitites would be restricted in large melt conduits where melt supply is expected to be high and melts were multiply supplied. When the melt supply is high, the ascent of basaltic melts of deep origin would cause partial melting of the fertile lherzolitic wall-rock at low pressure conditions to leave depleted harzburgites (e.g. Takahashi 1992; Fig. 6 ). When the magma supply is low like a branch of large melt conduits, it might be insufficient to increase the temperature to melt even in the fertile peridotite walls, but can form the replacive dunite as a result of the selective dissolution of orthopyroxenes by melt-rock interactions (Fig. 6) . Once the depleted harzburgites were formed in the large melt conduit, the secondary melts enriched with both Cr and Si (+LREE, Sr, Na and H 2 O) were formed as a result of interaction with the depleted peridotites and subsequently supplied primitive melts. It is possible that newly supplied primitive melts can mix with the secondary melts within the same large melt conduits to solely precipitate chromite (Fig. 6) . Thus, in the present study, the simultaneous formation of the chromitites and the surrounding depleted harzburgites in the Isabela ophiolite is favored.
Implications for the tectonic setting of the Isabela ophiolite
The tectonic setting for the formation of chromitite is still a matter of debate (e.g. Roberts 1988; Arai 1995 Arai , 1998 Prichard et al. 1996; Robinson et al. 1997; Schiano et al. 1997; Zhou & Robinson 1997; Zhou et al. 1998) . Chromitite xenoliths with nodular textures in alkali basalts, derived from the upper mantle of the Southwest Japanese Arc, could support a subarc origin for podiform chromitite (Arai 1978; Arai & Abe 1994) . In contrast, a micropod of chromitite, which is lithologically the same as the typical podiform chromitites in ophiolites, was also found in the transition dunite formed at the East Pacific Rise during Leg 147 of the Ocean Drilling Project (ODP; Arai & Matsukage 1998). Hydrous silicate mineral inclusions within chromite are common in chromitite in ophiolites (Talkington et al. 1986; Augé 1987; McElduff & Stumpfl 1991; Matsumoto et al. 1995 (Arai & Matsukage 1998; Matsukage & Arai 1998) . This means that the hydrous mineral inclusions within chromite can be formed even in almost anhydrous conditions, such as beneath a mid-ocean ridge, and there is therefore no direct evidence for the formation of chromitites under hydrous conditions, such as in a surpra-subduction setting (Arai 1998). These observations imply that the podiform chromitite (±hydrous silicate mineral inclusions) can be produced in either oceanic or arc-related settings (Arai 1997a,b).
As suggested above, the Isabela ophiolite may be of a slow-spreading ridge origin (Andal et al. 2005) . The chemical composition of chromite is a In a large melt conduit where melt supply is high, opensystem melting was caused by the influx of the primitive melts to leave depleted harzburgite with high light rare earth element (LREE) abundances. In a small conduit where melt supply is low, chromitite-free dunite layers were formed by melt-rock interactions. (c) In the large melt conduit, the secondary melt enriched with both Cr and Si (+LREE, Sr, Na and H 2 O) was formed as a result of the interaction with depleted harzburgite and subsequently supplied primitive melts. Chromitites are formed from hybridized melts formed by mixing of the secondary melts and primitive melts within the same melt conduit. good indicator for the tectonic setting of chromitite formation (Arai 1997a,b) . Chromite with Cr# higher than 0.7 has never been reported in either primitive volcanics or peridotites collected from the ocean floor (Cr# ≤ 0.6) (Dick & Bullen 1984; Dick 1989; Arai 1992 Arai , 1994a Arai & Matsukage 1998) . Cross-cutting dunite layers, including the dunite envelopes of the podiform chromitites, indicate younger generation than the formation of mineral foliation in peridotites. The relatively high-Cr# chromite (Cr# ≥ 0.65) in podiform chromitites may indicate a genetic link with arcrelated magmas, such as high-Mg andesite and bonitites (Arai & Yurimoto 1994; Robinson et al. 1997) . It is concluded that the upper mantle section of the Isabela ophiolite was initially formed at the ocean floor in a slow-spreading mid-ocean ridge setting, and was followed by a magmatism related to a supra-subduction setting in response to a switch of tectonic setting as a consequence of the origin of ophiolite, which is an obducted oceanic lithosphere at plate convergent margins. A similar tectonic switch has been already reported in the mantle section of the Luobusa ophiolite, China (Zhou et al. 1996) , the Zambales ophiolite complex, the Philippines (Yumul 1992), and the Oman ophiolite (Ahmed & Arai 2002) , where younger high-Cr chromitites were formed in old mid-oceanic ridge basalt-type peridotites.
CONCLUSIONS
The petrology and geochemical characteristics of chromitites and their host peridotites in the Isabela ophiolite are summarized below: 1. Chromitites show podiform, nodular, layered and disseminated textures and are typical podiform chromitites. They occur in harzburgite hosts characterized by relatively high-Cr# and high-LREE contents as compared with clinopyroxene-bearing harzburgites far from the chromitites (Fig. 3) . 2. Silicate mineral inclusions (olivine, clinopyroxene, amphibole and orthopyroxene) of chromite are frequently found in the chromitites. Pyroxene (±amphibole) inclusions are more abundant in the massive-type chromitites than in others. 3. Clinopyroxene inclusions of chromite in the chromitites show high LREE and low HREE compared with clinopyroxenes in the host peridotites. The chromitites were precipitated from melts enriched with Cr, Si and incompatible elements (LREE, Sr, Na, H 2 O), which were formed by melt-rock interactions coupled with a zone-refining effect. 4. The relatively depleted harzburgite hosts near the chromitites were simultaneously formed with the chromitites in large melt conduits where the melt supply is expected to be high. The harzburgite host was formed by partial melting coupled with the influx of primitive basaltic melts of deeper origin. The chromitites were precipitated with silicate inclusions from hybridized melts formed by the mixing of SiO 2 -rich secondary melts after melt-rock interaction and the primitive melts continuously supplied to the melt conduit. 5. The Cr# of chromite in the chromitites is 0.65-0.75, which is compatible with the range for arc-related magmas, although that of the peridotites is compatible with the range for midocean ridge magmas (Fig. 2) . The mantle section of the Isabela ophiolite was initially formed beneath a slow-spreading mid-ocean ridge followed by arc-related magma (Fig. 6) . The chromitite was formed at arc stages.
